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ABSTRACT 


To  study  the  overtorque  conditions  of  three  Array  helicopter 
types  -  the  AH-1G,  UH-1H,  and  0H-6A  -  and  the  potential  ef¬ 
fect  cf  such  conditions  on  the  maintenance  procedures  and 
design  criteria  for  these  helicopters  was  the  prime  objec¬ 
tive  of  the  reported  research.  Tc  this  end,  approximately 
735  hours  of  previously  documented  multichannel  oscillogram 
data,  recorded  under  combat  conditions  in  the  Vietnam  thea¬ 
ter,  were  reprocessed  and  reanalyzed  to  investigate  the  ex¬ 
tent  and  significance  of  engine  and  transmission  operations 
that  exceeded  specific  torque  pressure  limits  for  each  hel¬ 
icopter  type.  With  each  flight  recording  separated  into 
five  phases  -  ascent,  maneuver,  descent,  steady  state,  and 
hover  -  the  processed  data  are  presented  and  analyzed  accord¬ 
ing  to  four  primary  categories:  torque  limit  exceedances, 
engine  shaft  horsepower  exceedances,  rapid  torque  excursions, 
and  engine  operating  spectra.  Results  indicated  that  each 
helicopter  type  exceeded  its  transmission  limits  and  probably 
its  engine  limits,  that  each  helicopter  type  likely  exceeded 
its  maximum  turbine  outlet  temperature  and  consequently  its 
engine  limits  when  the  altitude  and  temperature  conditions 
increased  over  those  at  sea-level  standards,  that  the  UH-1H 
and  AH-1G  torque  excursions  and  IRP  percentages  were  similar; 
and  that  the  0H-6A  data  were  more  mission  denendent  than  the 
UH-1H  and  AH-1G  data. 


FOREWORD 


Technology  Incorporated,  Dayton,  Ohio,  prepared  this  report 
to  document  a  program  designed  to  provide  an  insight  into 
the  typical  engine  operation  of  the  UH-1H,  Af!-1G,  and  0H-6A 
helicopters  performing  under  combat  conditions.  The  study 
extended  from  November  1972  to  August  1973.  This  program 
was  sponsored  by  the  Eustis  Directorate,  U.  Army  Air 
Mobility  Research  and  Development  Laboratory,  Fort  Eustis, 
Virginia,  under  Contract  DAAJ02-73-C-0012,  Task  1G162204AA7201. 
The  project  monitor  for  the  Army  was  Mr.  LeRoy  Burrows. 

Technology  Incorporated  personnel  responsible  for  this  program 
were  Mr.  Ronald  1.  Kockafellow,  who  directed  the  data  process¬ 
ing,  and  Mr.  Raymond  B.  Johnson,  Jr.,  project  manager,  who 
directed  the  data  analysis  and  presentation. 
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INTRODUCTION 


The  operating  horsepower  environment  of  Army  helicopters  is 
among  the  major  factors  to  be  considered  in  reviewing  and  in 
verifying  engine  and  transmission  operating  limits,  the  main¬ 
tenance  procedures,  and  the  design  criteria  for  these  helicop¬ 
ters.  This  environment  is  particularly  significant  if  over¬ 
torque  conditions  exist,  especially  under  combat  operations, 
since  such  conditions  directly  relate  to  the  MTBF  (mean-time- 
between-failures)  of  the  helicopter  drive  train  components. 
Consequently,  in  the  continual  and  progressive  study  of  Army 
helicopter  operational  data,  a  program  was  inaugurated  co  in¬ 
vestigate  the  extent  and  significance  of  engine  and  transmis- 
'  sion  operations  that  exceeded  the  limits  of  three  helicopter 
types,  namely,  the  UH-1H,  AH-1G,  and  0H-6A,  while  they  oper¬ 
ated  in  the  Vietnam  theater.  To  this  end.  Technology  Incor¬ 
porated  reprocessed  and  reanalyzed  approximately  755  hours  of 
multichannel  oscillogram  data  recorded  and  processed  pre¬ 
viously  under  former  contracts.  The  data  consisted  of  336 
hours  from  the  AF  1G,  203  hours  from  the  UH-1H,  and  216  hours 
from  the  0H-6A. 

As  viewed  in  Figure  1,  the  AH-1G  "Huey  Cobra"  helicopter  is  a 
highly  maneuverable,  high-speed  gun  ship.  Deployed  as  a 
ground-support  weapons  platform,  the  AH-1G  was  equipped,  dur¬ 
ing  its  operational  survey,  with  a  controllable  nose  turret 
and  two  external  stores  pylons .  The  nose  turret  contained  a 
7.62mm  minigun  and  a  40mm  grenade  launcher,  and  each  of  the 
pylons  carried  such  armament  as  the  XM-159C,  XM-157,  XM-18, 
and  XM-159.  The  crew  consisted  of  a  pilot  and  a  copilot/ 
gunner.  Table  I  summarizes  the  characteristics  and  limita¬ 
tions  of  the  AH-1G  during  the  operational  survey.  As  listed 
in  Table  II,  most  of  the  AH-1G  flights  conducted  during  the 
operational  survey  (Reference  1)  were  combat  assault  missions. 

As  shown  in  Figure  2,  the  UH-1H  "Huey"  is  a  single-engine  hel¬ 
icopter  designed  for  front-line  troop  and  equipment  transport. 
Table  I  summarizes  the  characteristics  and  limitations  of  the 
UH-1H  helicopter  during  the  operational  survey.  Table  II  in¬ 
dicates  that  d.  j.hg  its  operational  survey  (Reference  2)  , 
most  of  the  UH-1H  flights  were  combat  support  operations  ra¬ 
ther  than  direct  combat  assaults. 

As  viewed  in  Figure  3,  the  0H-6A  is  a  highly  maneuverable, 
single-engine  helicopter  designed  for  front-line  observation.. 
Table  I  summarizes  the  characteristics  of  the  OH-6A  during 
the  operational  survey.  As  indicated  in  Table  II,  the  OH-6A 
flights  were  almost  equally  distributed  between  combat  assault 
and  combat  support  missions  during  the  operational  survey 
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(Reference  3).  During  the  survey,  two  primary  configurations 
were  noted:  the  "lead  ship"  and  the  "wing  ship,"  the  former 
identified  by  a  pilot  and  two  gunners  each  with  an  M-60  ma¬ 
chine  gun,  and  the  latter  by  a  pilot  and  one  gun  with  an 
XM-27  minigun  mounted  on  the  left  side. 

In  summary,  most  of  the  helicopter  flights  during  the  respec¬ 
tive  operational  surveys  in  Vietnam  were  combat  support  and 
direct  assault  missions. 


i^h  - 


Figure  2.  Photograph  of  UH-1H  Helicopter 
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Figure  3.  Photograph  of  0H-6A  Helicopter 


TABLE  I.  SUMMARY  OF  AIRCRAFT  CHARACTERISTICS  AND  LIMITATION'S 


UH-1H 

UH-1G 

0H-6A 

Engine 

TS3-L-13 

T53-L-1 5 

T63-A-5A 

Max  Gros  freight 

9S00  Xb 

9500  lb 

2163  lb 

Max  Continuous  Power 

1250  hp 

1250  hp 

270  hp 

214.5  hp* 

Intermediate 

Rated  Power 

1400  hp 

1400  hp 

317  hp 

252.5  hp* 

Usable  Power 
(transmission  torque 
limit) 

1100  hp 

1100  hp 

214.5  hp 

*  Derated  to  these 

values  for 

0H-6A  operation 

• 

TABLE  II.  SUMMARY  OF  HELICOPTER  MISSION  ASSIGNMENT 


Mission  Identification 


Combat 


Combat 


Command 


This  report  defines  the  recorded  and  derived  parameters,  out¬ 
lines  the  data  processing  and  quality  control,  explains  the 
data  computations,  and  finally  presents  and  analytes  the  pro¬ 
cessed  data.  The  results  are  presented  as  cumulative  fre¬ 
quency  distribution  curves  and  frequency  polygons  (histograms) . 
The  results  are  also  presented  in  tables  that  present  occur-’ 
rences ,  time,  and  exceedances  in  ranges.  The  data  presented 
were  divided  into  five  mission  segments:  (1)  ascent,  (2)  ma¬ 
neuver,  (3)  descent,  (4)  steady  state,  and  (5)  hover. 

The  program  objectives  were  accomplished  by  establishing  spe¬ 
cific  torquemeter  limits,  by  processing  each  helicopter’s  op¬ 
erational  data  to  find  exceedances  of  these  limits,  and  by 
relating  these  exceedances  of  torquemeter  limits  to  corres¬ 
ponding  values  cf  engine  and  main  rotor  shaft  horsepower  by 
analytical  calculations.  The  time  in  excess  of  the  limits 
and  the  frequency  of  the  occurrences  were  recorded  and  tabu¬ 
lated  for  further  analysis.  In  addition,  the  rapid  torque 
excursions  were  identified  as  positive  or  negative  values. 

To  develop  an  insight  into  the  spectrum  of  engine  operation, 
each  helicopter's  data  base  was  processed  by  a  specialized 
computer  program.  For  each  instant  of  recorded  data,  the 
computer  program  produced  an  instantaneous  engine  horsepower 
and  an  ideal  intermediate  rated  power  (IRP)  limit.  The  IRP 
was  derived  from  tabular  data  based  on  density  altitude  and 
outside  air  temperature  (OAT) .  By  ratioing  the  values  of 
instantaneous  shaft  horsepower  and  IRP,  a  spectrum  of  percent 
IRP  was  developed  for  each  helicopter.  Finally,  in  a  subsid¬ 
iary  task,  the  spectrum  of  the  vertical  acceleration  of  each 
helicopter  during  landing  was  developed  (see  Appendix  III). 


DATA  PRESENTATION!  AND  ANALYSIS 


GENERAL 

For  the  continual  and  progressive  review  and  verification  of 
engine  and  transmission  operating  limits,  the  maintenance  pro¬ 
cedures,  and  the  design  criteria  of  the  AH-1G,  UH-1H,  and  0H-6A 
helicopters,  the  previously  documented  data  gathered  on  these 
helicopters  were  reprocessed  and  reanalyzed  to  investigate  the 
extent  and  significance  of  helicopter  operations  that  exceeded 
the  engine  and  transmission  limits. 

In  presenting  the  procedures,  equations,  and  data  results 
and  analysis  for  the  current  study,  this  section  is  divided 
into  four  primary  areas:  transmission  torque  limit  exceed¬ 
ances,  engine  shaft  horsepower  exceedances,  rapid  torque  ex¬ 
cursions,  and  engine  operating  spectrum  for  each  helicopter. 

The  data  processing  procedures  in  the  current  study  followed 
the  general  procedures  in  the  original  processing  as  reported 
in  References  1  through  3.  One  departure  from  the  past  proce¬ 
dures  was  the  addition  of  a  hover  mission  segment  to  supple¬ 
ment  the  existing  four  mission  segments  of  ascent,  maneuver, 
descent,  and  steady  state.  This  additional  segment  wfas  to  give 
greater  resolution  to  the  horsepower  and  torque  data.  The 
processing  procedure  includes  data  editing,  data  digitizing, 
quality  control,  and  final  acceptance.  During  the  data  edit¬ 
ing  phase,  each  original  oscillogram  was  re-edited  according 
to  new  ranges  for  such  parameters  as  transmission  tore  .emeter 
pressure  limit  exceedances  and  rapid  torquemeter  pressure  ex¬ 
cursions.  The  edited  oscillograms  were  measured  on  semiauto¬ 
matic  oscillogram  readers  which  transcribed  the  measurements 
from  oscillogram  data  onto  punch  a  *''s.  The  editing  and 
digitizing  procedures  were  ver?  s  by  applying  standard  qual¬ 
ity  control  techniques  to  a  printout  of  these  curds.  Based 
upon  random  data  samples,  the  mean  and  variance  of  the  entire 
data  base  were  established;  t!.e  three-standard-deviation  (a) 
values  for  main  rtor  speed  and  torquemeter  pressure  were 
±2.4  rpm  and  ±0.4  psi,  respectively.  After  the  data  had  been 
accepted,  they  were  processed  through  a  computer  program  to 
convert  the  data  into  engineering  units  ard  to  calculate  the 
engine  and  main  rotor  shaft  horsepower.  A  final  check  of 
these  data  was  then  performed  prior  to  the  analysis .  All  times 
shown  in  the  computer  printout  tables  are  rounded  to  the  near¬ 
est  tenth  of  a  minute.  Since  in  each  table  the  individual 
time  entries  as  well  as  the  total  time  were  computed  and  then 
rounded,  a  total  may  not  agree  with  the  sum  of  the  individual 
times.  All  printed  range  values  are  represented  by  the  lower 
limits. 


TRANSMISSION  TORQUE  LIMIT  EXT.'  "  ”CES 

As  established  by  the  ujyft  wfacturers ,  each  of  the  three 
helicopter  types  has  an  ...  *  i  •>  .t  •»  limit  for  the  main  rotor 
transmission.  This  limit  w«l.  *  .tressed  as  a  redline  or  time- 
limited  band  on  the  pilot !s  tr  queineter  pressure  indicator.  As 
the  first  phase  of  the  study 4  -xceedances  of  these  limits  were 
identified  and  examined  to  de  idne  their  frequency  of  occur¬ 
rence  and  the  percentage  of  -  ;pewt  above  these  limits. 

In  establishing  the  limits  to  »e  used  for  the  operational  usage 
data  of  each  helicopter  type,  the  primary  emphasis  was  placed 
on  existing  torquemeter  r  -dline  limits  nr  other  engine/ 
transmission  limits;  the  established  limits,  taken  from 
References  4  through  6,  are  presented  in  Table  III. 


TABLE 

III.  TRANSMISSION  TORQUE 

LIMITS  * 

_  _ _ _ _ _ — i 

Aircraft 

1st  Limit 

2nd  Limit 

Limit 

UH-1H 

45.0 

47.5 

SO.C 

AH-1G 

45.0 

"47.5 

49.2 

0H-6A 

63. S 

75.0 

90  a 

*  All  limits 

in  psi. 

u...  .  -  Z-J 

For  the  UH-1H  helicopter,  the  torquemeter  pressure  limits  of 
45,  47.5,  and  50  psi  correspond  to  an  arbitrary  lower  limit, 
the  usable  power  (transmission  limit),  and  the  maximum  allow¬ 
able  transmission  torque  limit  (redline),  respectively.  In¬ 
tended  to  aid  the  data  editing,  the  lower  limit  allovred  gen¬ 
eral  limits  to  be  used  during  manual  editing  without  having 
to  -.ijust  for  minor  variations  in  the  torquemeter  transducer 
and  recording  system  output;  these  differences  were  accounted 
for  during  the  computer  processing  of  the  data  and  allowed 
all  data  above  47.5  psi  to  be  Included  in  that  data  range. 
Without  the  lower  limit,  some  of  the  data  above  47.5  psi  may 
have  been  lost  because  of  minor  variations  in  the  «ay- to-day 
calibration  factor.  The  same  limits  were  used  for  the  AH-1G 
helicopter  except  for  the  redline  limit;  as  recommended  in 
Reference  4,  a  redline  value  of  49.1  psi  was  used.  The  0H-6A 
torque  limits  of  63.5,  75,  and  91  psi  correspond  to  the  trans¬ 
mission  maximum  continuous  torque  limit,  the  5 -minute  trans¬ 
mission  takeoff  limit,  and  the  10-second  transmission  trans¬ 
ient  torque  limit,  respectively. 


6 


As  r>  result  of  editing  each  helicopter's  operational  data,  th 
number  and  duration  of  torque  limits  weic  identified  and  cate 
goriz'.d.  These  ^ata  are  presented  in  Figures  4  through  8  and 
in  Tables  VIII  through  XIII  of  Appendix  I.  In  these  presenta 
tions,  the  data  are  normalized  to  a  common  bare  of  100  flight 
hours . 


T0?.i’JE  PRESSUrE  (psil 


Figure  4.  Torque  Limit  Exceedances  per  Mission  Segment  for 
the  UH-1H . 


The  torque  limit  exceedances  per  100  hours  by  mission  segment 
for  the  AH-1G,  UH-1H,  and  0H-6A  helicopters  are  presented  i„ 
Figures  4  through  6,  respectively.  For  all  three  helicopters, 
the  torque  limit  exceedances  tended  to  diminish  quite  rapidly 
as  the  higher  torque  limits  were  approached.  Whereas  both  the 
UH-lH's  and  0H-6A's  had  most  of  their  excursions  in  single 
mission  segments  (ascent  and  maneuver,  respectively),  the  AB¬ 
IC1  s  bad  most  of  their  excursions  in  three  segments  (maneuver, 
hover,  and  ascent).  As  evident  in  Figure  7,  which  shows  the 
total  number  ot  torque  limit  exceedances  for  each  helicopter 
type,  the  curves  for  the  AH-1G  and  UH-1H  are  quite  similar, 
but  that  for  the  0H-6A  has  about  40  times  as  many  exceedances 
as  the  other  two  helicopter  types.  The  0H-6A  data  tend  to 
follow  a  straight  line,  whereas  the  AH-1G  and  UH-1H  data  fol¬ 
low  a  parabolic  pattern. 


45.0  47.5  *’9.1 


TORQUE  PRESSURE  (psji) 

Figure  5.  Torque  Limit  Exceedances  per  Mission  Segment  for 
the  AH-1G. 


From  Tables  VIII  through  XIII  of  Appendix  I,  the  number  of 
upper  limit  exceedances  for  the  AH-IG,  UH-1H,  and  0H-6A  heli¬ 
copters  are  8,  11,  and  48,  respectively,  and  the  times  above 
the  limit  are  47.8,  36.6,  and  154.8  seconds,  respectively. 
While  the  amount  of  time  spent  above  the  upper  limit  is  insig 
nificant  when  compared  with  the  total  flight  time  of  any  of 
the  helicopters  (36.6  to  154.8  seconds  vs.  203  (3600)  to  336 
r3600)  seconds),  the  actual  exceedances  represent  damage  of 
some  extent  to  the  main  rotor  transmission  and  are,  therefore 
important  in  assessing  the  usage  of  any  of  the  helicopters. 


Figure  6.  Torque  Limit  Exceedances  per  Mission  Segment  for 
the  0H-6A  - 


Because  of  the  wide  variation  in  exceedances  per  limit  by  mis¬ 
sion  segment.  Figure  8  presents  a  data  band  for  all  data  of 
the  UH-1H  and  AH-1G  and  for  all  but  the  maneuver  segment  of 
the  0H-6A.  The  data  band  represents  the  range  of  collected 
data  bounded  by  the  highest  and  lowest  number  of  torque  excur¬ 
sions  tabulated  at  the  torque  pressure  limits.  The  0H-6A  ma¬ 
neuver  segment  is  shown  as  a  separate  curve.  As  apparent,  the 
0H-6A  data  band  falls  between  the  limits  of  the  other  band,  and 
the  0H-6A  maneuver  segment  curve  generally  exceeds  the  upper¬ 
most  limit.  Since  the  0H-6A  had  40  times  as  many  exceedances 
as  the  other  two  helicopter  types  and  its  maneuver  segment 
curve  is  generally  higher  than  the  other  data,  the  OH-6A  drive 
system  was  subjected  to  more  demanding  conditions  characteris¬ 
tic  of  an  observation  helicopter. 


a)  Uli-IH  and  AH-1G 


rttSBM.  ipsil 


b)  OH- 6 A 


Figure  7.  Torque  Limit  Exceedances  per  Totals  of  Mission 
Segments  for  the  UH-1H,  AII-1G,  and  QH-6A* 


i 


0H-6A,  Maneuver 

0H-6A  Data  Band,  All  data 

except  naneuver 

AH-1G  and  UH-1H  Data  Band 

All  data 


ENGINE  SHAFT  HORSEPOWER  EXCEEDANCES 


The  assumption  that  exceedances  of  engine  shaft  horsepower  are 
directly  related  to  exceedances  of  the  torqueneter  pressure 
limits  is  not  realistic,  since  horsepower  depends  on  the  torque 
and  rotor  speed  of  either  the  main  rotor  or  the  engine.  Cer¬ 
tain  combinations  of  rotor  speed  and  torqueneter  pressure 
could  yield  an  engine  shaft  horsepower  in  excess  of  its  limits, 
even  though  the  torqueneter  pressure  is  below  its  upper  licit- 
Such  a  situation  nay  exist  because  of  the  type  of  mission  flown 
by  the  helicopter.  Therefore,  to  determine  whether  this  is 
happening,  the  engine  shaft  horsepower  was  calculated  on  the 
basis  of  torque  limit  excursions  and  coincident  min  rotor 
speed.  These  data  are  presented  in  terms  of  frequency  distri¬ 
butions  of  both  occurrences  and  time  in  various  ranges  of  en¬ 
gine  and  main  rotor  shaft  norsepcwer. 

A  relationship  between  shaft  horsepower  and  torque  is  needed 
to  determine  the  transmission  torque  limit  exceedances  in 
terms  of  engine  shaft  horsepower.  Shaft  horsepower  is  a  func¬ 
tion  of  the  transmitted  torque  and  the  coincident  engine  out¬ 
put  speed,  as  shown  in  Equation  (1): 

SHPe  =  Cssfoo')  "'fQ  (1) 

where  SHPg  =  engine  shaft  horsepower 
Ng  -  engine  output  speed  (rpm) 

Q  =  engine  output  torque  (ft -lb) 

On  the  basis  of  this  general  equation,  the  shaft  horsepower 
related  to  specific  torqueneter  pressure  readings  was  calcu¬ 
lated  by  using  relationships  of  engine  -peed  versus  main  rotor 
speed  and  engine  output  torque  versus  torqueneter  pressure. 

The  resulting  equations  used  during  this  study  were 


5HPe  =  3,88  x  10" *Ko (17.76  Qd  +  53.33) 

for  the  AH-1G  3nd  UH-1H  helicopters,  and 

SHPe  *  2.438  X  1G"5NR;(2.8S  Qp  *  4.28) 

for  the  0H-6A  helicopter, 

where  hR  =  main  rotor  speed  (rpn) 

Qp  =  torqueneter  pressure  (psi) 

These  equations  aTe  derived  in  Appendix  II. 


Based  on  the  equations  for  calculating  engine  shaft  horsepower 
using  torquemeter  pressure  and  main  rotor  speed  data,  equa¬ 
tions  for  calculating  main  rotor  shaft  horsepower  were  derived 
to  account  for  various  factors  such  as  transmission  efficiency 
and  the  varying  horsepower  required  by  the  tail  rotor  during 
hover  and  other  flight  conditions.  The  derived  equations  are 
based  on  the  propulsion  system  performance  data  presented  in 
Table  IV;  these  data  were  supplied  by  the  airframe  manufactur¬ 
ers.  To  compute  the  main  rotor  shaft  horsepower  for  each  hel¬ 
icopter  type,  one  equation  was  derived  for  hover  and  another 
equation  for  all  other  flight  conditions.  The  equations  for 
the  AH-1G  and  UH-1H  helicopters  are 

SHPmr  =  0.90(0.95  SHPE)  for  hovering  flight  (4) 


SHPmr  =  0.95(0.95  SHPE)  for  all  other  flight 

conditions.  For  the  0H-6A  helicopter,  Equations  (4)  and 
(5)  may  be  expressed  as 


SHPMr  =  0.875(0.98  SHPg  -  5.2)  for  hovering 


flight  and 

SHPmr  "  0.94(0.98  SHPE  -  5.2)  for  (7) 

all  other  flight  conditions. 

As  stated  before,  it  is  possible  to  have  shaft  horsepower 
limit  excursions  and  not  torquemeter  pressure  limit  exceedances 
for  a  specific  set  of  conditio.".  Therefore,  to  provide  in¬ 
sight  into  the  correlation  of  torque  limit  exceedances  and 
horsepower  excursions,  the  data  of  Tables  XIV  through  XXV  will 
be  plotted  several  ways  and  discussed. 


TABLE  IV.  HELICOPTER  PROPULSION  SYSTEM  PERFORMANCE  FACTORS 


I  SHP  to  Main  Rotor  Transmission 

Helicopter  Hover  Flight  Efficiency  Horsepower  Ext, 

AH-IG/UH-1H  0-9°  0.95  °*95 


0H-6A 


0 .875 


r 


Figures  9  and  10  present  the  frequency  distribution  of  occur¬ 
rences  in  ranges  of  engine  shaft  horsepower  per  100  hours  of 
flight.  Superimposed  over  the  curves  of  Figure  9  are  the  lim¬ 
its  for  usable  power  and  the  maximum  transmission  torque  limits 
for  the  AH-1G  and  UH-1H;  over  the  curve  of  Figure  10  are  the  5- 
minute  transmission  takeoff  limit,  the  10-second  transmission 
transient  limit,  and  the  IRP.  Figure  9  shows  that  the  AH-1G 
and  UH-1H  curves  are  quite  similar  and  that  the  UH-1H  curve  has 
more  occurrences  at  higher  horsepower  ranges.  While  the  AH-1G 
curve  has  relatively  few  exceedances  of  the  usable  power  and 
maximum  transmission  torque  limit  horsepower  values,  the  UH-1H 
curve  has  a  substantial  number  of  exceedances  for  both  param¬ 
eters.  In  marked  contrast,  the  0H-6A  curve  has  approximately 
100  times  as  many  exceedances  of  the  10-second  transmission 
transient  limit  and  the  IRP  limit.  Since  the  engine  rating  of 
this  helicopter  is  reduced  in  this  application,  it  is  not  sur¬ 
prising  that  a  large  number  of  exceedances  of  the  transmission 
limits  would  occur  during  the  combat  operation  of  an  observa¬ 
tion  helicopter. 


Figure  9.  Total  Number  of  Occurrences  in  Engine  Shaft 
Horsepower  Ranges  for  the  UH-1H  and  AH-1G . 
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Figure  10.  Total  Number  of  Occurrences  in  Engine  Shaft 
Horsepower  Ranges  for  the  OH-6A. 
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Figure  11.  Total  Time  in  Ranges  of  Engine  Shaft  Horsepower 
per  100  Hours  for  the  UH-1H  and  AH-1G . 
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SHAFT  HORSEPOWER 

Figure  12.  Total  Time  i.-*  Ranges  of  Engine  Shaft  Horsepower 
per  100  Hours  for  the  0H-6A. 

With  the  equations  derived  for  calculating  main  rotor  shaft 
horsepower,  the  torquemeter  ex*  eedance  and  coincident  main 
rotor  speed  were  used  *.o  calculate  equivalent  main  rotor  shaft 
horsepower.  The  data  are  presented  in  Tables  XV  through  XXV 
of  Appendix  I. 


RAPID  TORQUE  EXCURSIONS 

There  are  specific  requirements  for  the  acceleration  or  decel¬ 
eration  rate  of  the  engine  rotor  speed  during  throttle  bursts 
or  chops.  These  requirements  are  established  so  that  an  en¬ 
gine,  during  its  design  and  test  phase,  may  be  substantiated 
with  respect  to  the  thermal  cycles  that  these  bursts  or  chops 
create;  these  cycles  affect  the  engine  life  because  of  the 
associated  thermal  fatigue  and  low-cycle  fatigue. 


Since  throttle  bursts  and  chops  may  be  directly  related  to 
shaft  horsepower  variations  and  engine  thermal  cycles,  the  re¬ 
quirements  of  the  engine  specification  concerning  acceleration 
and  deceleration  rates  were  translated  into  various  ranges  of 
torquemeter  pressure  for  various  spans  of  time.  These  ranges 
and  spans  are  shown  in  Table  V. 


TABLE  V. 

RAPID  TORQUE  EXCURSION 

RANGES 

Tine 

UH-1H  5  AH-1G 

OH-6A 

(sec) 

(psi) 

(psi) 

3 

20  to  29 

25  to  39 

6 

30  to  39 

40  to  S9 

9 

40  to  59 

60  to  90 

- .  - 1 

The  original  data  from  the  AH-1G,  UH-1H,  and  0H-6A  operational 
surveys  were  scanned  to  identify  rapid  torquemeter  pressure 
changes,  either  increasing  or  decreasing,  within  the  appropri¬ 
ate  time  span.  In  Table  XXVI  of  Appendix  I,  these  excursions 
are  categorized  as  having  occurred  during  flight  or  during  a 
takeoff  or  landing.  In  addition,  for  each  helicopter,  the 
number  of  engine  starts,  the  number  of  flights  with  and  with¬ 
out  excursions,  and  the  average  altitude  and  outside  air  tem¬ 
perature  (OAT)  during  the  excursions  are  listed  in  Table  VI. 


TABLE  VI.  RAPID  TORQUE 

EXCURSION* 

PARAMETERS 

AH-1C 

UH-1H 

QH-6A 

Total  Engine  Starts 

34  Z 

242 

242 

Total  Flights 

259 

249 

218 

Total  Flights  with  Excursions 

142 

145 

214 

Total  Flight  Tine  (hr) 

535 

203 

216 

Average  Altitude  (ft) 

2000 

1780 

2400 

These  rapid  torque  excursions  are  not  the  same  as  the  torque 
excursions  discussed  earlier.  Rapid  torque  excursions  are 
based  on  a  specific  pressure  change,  either  increasing  or  de¬ 
creasing,  within  a  certain  time  span.  These  excursions  may 
or  may  not  exceed  the  torque  pressure  limits.  However,  each 
rapid  excursion  could  affect  the  engine  because  of  the  re¬ 
sultant  thermal  cycle. 


These  rapid  torque  excursions  are  plotted  in  figure  13  as  the 
number  of  occurrences  in  100  hours  of  flight  for  the  various 
ratios  of  torque  excursions  shown  in  Table  VII. 


Figure  13.  Rapid  Torque  Excursions  for  the  AH-1G,  UH-1H, 
and  0H-6A- 


This  ratio  of  torque  excursions  is  the  lower  pressure  value 
of  each  range  divided  by  60  psi  for  the  AH-1G  and  UH-1H  and 
by  90  psi  for  the  OH-6A.  This  nondimensional  ratio  permits 
the  direct  comparison  of  the  three  helicopters.  Figure  13 


shows  that  the  AH-1G  and  UH-1H  experienced  twice  as  many  ra¬ 
pid  decreases  as  rapid  increases.  Conversely,  the  0H-6A  had 
twice  as  many  rapid  increases  as  rapid  decreases.  This  figure 
also  shows  that  the  number  of  torque  excursions  for  the  0H-6A 
is  about  10  times  greater  than  those  for  the  AH-1G  and  UH-1H. 
Within  the  maximum  decreasing  range,  the  AH-1G  had  three  ex¬ 
cursions  and  the  UH-1H  only  one.  In  contrast,  the  OH-6A  ex¬ 
perienced  77  maximum  increasing  excursions  and  57  maximum  de¬ 
creasing  excursions. 


TABLE  VII. 

RAPID  TORQUE  EXCURSION  RATIOS 

Helicopter 

Pressure  Change 
(psi) 

Ratio 

AH-1G/UH-1H 

20-29 

.33 

30-39 

.50 

40-59 

.67 

0H-6A 

25-39 

.28 

43-59 

.44 

60-90 

.67 

ENGINE  OPERATING  SPECTRUM 

Using  the  operational  usage  data  gathered  on  each  helicopter, 
an  operating  spectrum  was  developed  to  better  understand  how 
each  engine  operated.  For  each  engine,  the  operating  spectra 
are  represented  as  time  spent  in  ranges  of  engine  shaft  horse¬ 
power  and  IRP  percentages.  These  spectra  were  developed  by 
surveying  master  magnetic  tapes  containing  the  digitized  oscil 
logram  data  for  coincident  values  of  altitude,  outside  air  tern 
perature,  torquemeter  pressure,  rotor  speed,  and  time  spent  at 
these  values;  by  calculating  engine  shaft  horsepower  based  on 
torquemeter  pressure  and  main  rotor  speed;  by  adjusting  IRP 
based  on  ambient  altitude  and  temperature  conditions;  and  by 
ratioing  the  calculated  engine  shaft  horsepower  to  the  ad¬ 
justed  IRP  value. 

Engine  shaft  horsepower  for  each  coincident  reading  was  cal¬ 
culated  by  using  the  equations  derived  in  Appendix  II.  Values 
for  installed  IRP  were  obtained  for  the  T53-L-13  (UH-1H/AH-1G) 
and  T63-A-5A  (0H-6A)  engines  by  correcting  the  engine  speci¬ 
fication  performance  for  altitude  and  ambient  temperature 
readings  and  for  engine  installation  losses.  The  installation 


losses,  obtained  from  the  airframe  manufacturers,  were  54,  54, 
and  3  shaft  horsepower  at  IRP  for  the  AH-1G,  UH-1H,  and  0H-6A 
helicopters,  respectively.  The  ratio  of  each  coincident  cal¬ 
culated  engine  shaft  horsepower  to  adjusted  IRP  was  determined, 
and  the  coincident  time  was  assigned  to  this  ratio  ^f  IRP  per¬ 
centage.  These  coincident  times,  accumulated  at  their  respec¬ 
tive  IRP  percent  levels,  represent  the  operating  spectrum  for 
each  engine  installation,  and  are  presented  in  Table  XXVII  of 
Appendix  I.  In  addition,  the  cumulated  time  spent  in  ranges 
of  engine  shaft  horsepower  is  presented  in  XXVIII. 

For  each  of  the  three  helicopters,  the  engine  operating  spec¬ 
trum  as  represented  by  percentage  of  IRP  is  presented  in  Fi¬ 
gure  14.  The  UH-1H,  AH-1G,  and  0H-6A  operated  mostly  at  704, 
60%,  and  801  IRP,  respectively.  The  operating  load  curve  for 
the  UH-1H  helicopter  is  nearly  symmetrical  about  704  IRP.  The 
curve  for  the  AH-1G  is  skewed  to  the  right  of  60%  IRP.  How¬ 
ever,  the  net  result  as  depicted  by  the  cumulative  curves  shows 
a  difference  of  less  than  5%  in  the  time  spent  above  701  IRP. 


Figure  14.  Frequency  Distributions  of  Percentage  Time  versus 
Percentage  IRP  for  the  UH-1H,  AH-1G,  and  OH-6A. 


Since  the  AH-1G  and  UH-1H  helicopters  share  a  common  engine, 
the  engine  operating  curves  presented  in  Figure  14  need  to  be 
examined  in  greater  detail  to  identify  the  factor(s)  causing 
the  apparent  difference.  Reviewing  the  cumulative  frequency 
distribution  curves  of  torquemeter  pressure  and  rotor  speed 
presented  in  Reference  2,  it  can  be  seen  that  the  distribution 
of  torquemeter  pressure  in  Figure  15  is  nearly  identical  for 
each  helicopter;  however,  the  distribution  for  rotor  speed. 
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as  shown  in  Figure  16,  shows  that  the  UH-1H  operates  at  a 
higher  average  rotor  speed.  This  higher  rotor  speed  requires 
higher  shaft  horsepower,  and,  consequently,  the  percentage  of 
IRP  will  be  higher,  as  shown  in  Figure  14  or  in  the  comparison 
of  the  cumulative  curves  in  Figures  18  and  20.  Both  the  AH-1G 
and  UH-1H  helicopters  operated  in  approximately  the  same  en¬ 
vironment,  as  shown  in  Table  VI. 

Finally,  cumulative  curves  of  shaft  horsepower  and  percent 
IRP  are  presented  in  order  to  have  a  qualitative  feel  of  shaft 
horsepower  as  compared  with  percent  IRP.  In  Figures  17  through 
22,  graphs  of  the  cumulative  percentage  of  time  versus  shaft 
horsepower  and  the  cumulative  percentage  of  time  versus  the 
percentage  of  IRP  are  paired  for  each  helicopter  type.  In  ad¬ 
dition,  a  histogram  of  percentage  of  time  in  ranges  of  percent¬ 
age  of  IRP  is  presented  for  each  helicopter  type.  These  data 
aiu  tabulated  in  Tables  XXVII  and  XXVIII  of  Appendix  I.  Since 
IRP  is  a  function  of  shaft  horsepower  and  ambient  conditions, 
the  shaft  horsepower  curve  would  be  identical  to  the  percentage 
of  IRP  if  the  ambient  conditions  were  held  constant.  The  en¬ 
gine  snaft  horsepower  curves  for  the  UH-1H  and  AH-1G  are  almost 
identical,  as  are  the  IRP  curves.  In  Figures  21  and  22,  the 
0H-6A  curves  are  quite  similar  to  the  AH-1G  and  UH-1H  curves, 
although  the  curve  scales  are  different  because  of  the  differ¬ 
ent  engines.  The  one  major  difference  is  that  the  curves  for 
the  Afl-IG  and  UH-iH  rise  more  quickly  than  the  OH-6A  curve, 
thereby  indicating  that  the  OH-6A  spends  a  greater  percentage 
of  its  operating  time  at  higher  percentages  of  IRP.  These  data 
are  substantiated  by  the  0H-6A  nap-of-the-eax th,  slow-speed 
flight  which  requires  more  power  than  norc.?l  flight  operations. 
On  the  basis  of  the  data  presented  in  Reference  3,  approxi¬ 
mately  501  of  the  0H-6A  operation  was  spent  at  airspeeds  below 
75  knots. 

Since  turbine  outlet  temperature  (TOT)  was  not  measured,  this 
study  assumed  a  specification  engine  which  in  r©al;ty  is  a 
minimum  engine.  An  exception  would  be  an  engine  which  has  de¬ 
teriorated  in  performance  because  of  age  or  environmental  ef¬ 
fects.  Therefore,  when  using  specification  performance  as  a 
baseline,  engine  temperature  limit  exceedances  cannot  be  read¬ 
ily  ascertained;  only  transmission  limits  can  be  determined. 
Accordingly,  the  data  presented  above  probably  represent  the 
worst  case. 
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Figure  IS.  Comparison  of  Cumulative  Engine  Torque  Frequency 
Distribution  for  the  AH-1G  and  UH-1H. 
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Figure  16.  Comparison  of  Cumulative  Rotor  Speed  Frequency 
Distribution  for  the  AH-1G  and  UH-1H  . 
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Figure  18.  Engine  Operating  Load  Spectrum  for  the  UH-1H. 
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Figure  21.  Cucuiative  Frequency  Distribution  of  Percent  Tice 
in  Shaft  Horsepower  Ranges  for  the  0H-6A- 
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Figure  22.  Engine  Operating  Load  Spectrua  for  the  0K-6A, 


CONCLUSIONS 


n 
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On  the  basis  of  the  data  reprocessed  and  analyzed  during  this 
program  and  the  comparisons  drawn  between  these  data,  it  is 
concluded  that: 

(1)  Since  the  upper  transmission  limit  for  each  of  the 
three  helicopter  types  was  exceeded  a  .significant 
number  of  times,  the  reliability  and  life  of  the 
main  rotor  transmission  was  reduced. 


(2)  For  all  aircraft,  the  engine  shaft  horsepower  oc¬ 
currences  exceeded  the  maximum  transmission  input 
limit.  The  0H-6A  exceeded  the  10-second  transmis¬ 
sion  limit  and  che  IRP  limit  many  times. 

(3)  The  0H-6A  had  approximately  ten  times  as  many  rapid 
torque  excursions  as  the  AH-1G  and  UH-1H  helicopters. 

(4)  The  engine  operating  SHP  spectrum  for  the  0H-6A  was 
considerably  more  severe  than  those  for  the  AH-1G 
er  UH-1H. 

(5)  The  operation  of  the  0H-6A  was  more  demanding  of  its 
engine  and  drive  system  as  evidenced  by  the  rela¬ 
tively  large  number  of  engine  shaft  horsepower  ex¬ 
ceedances  and  rapid  torque  excursions,  and  the  higher 
IRP  spectrum. 

(6)  Since  the  turbine  outlet  temperature  (TOT-*  was  not 
measured,  this  study  assumed  a  specificacion  engine 
which  in  reality  is  a  minimum  engine.  Therefore, 
when  the  specification  performance  is  used  as  a 
baseline,  the  engine  temperature  limit  exceedances 
cannot  be  readily  ascertained;  only  transmission 
limits  can  be  determined.  Accordingly,  the  data 
presented  probably  represent  the  worst  case. 
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RECOMMENDATION 

During  future  operational  surveys  of  Army  helicopters,  the  tur¬ 
bine  outlet  temperature  should  be  monitored  to  permit  a  com¬ 
plete  assessment  of  engine  operations  at  or  near  engine  or 
transmission  limits. 
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APPENDIX  I 

TORQUE  AND  HORSEPOWER  TABULAR  DATA 


Tables  VIII  through  XXVIII  present  the  torque  and  horsepower 
data  extracted  from  the  reprocessed  AH-1G,  UH-1H,  and  0H-6A 
oscillogram  data  for  the  current  over torque  study.  The  two 
types  of  tables  used  consist  of  flight  time  distributed  among 
the  coincident  ranges  of  various  parameters  and  frequency  of 
exceedances  of  limits  per  mission  segment.  The  data  presented 
in  these  tables  are  not  normalized  to  a  100-hour  data  base. 
Also,  all  printed  range  values  are  the  lower  limits. 
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TABLE  VIII. 

TORQUE  LIMIT  EXCEEDANCES  FOR  THE 

UH-1H 

Mission 

Segnent 

45 

47. «i 

ASCENT 

113 

10 

7 

130 

MANEUVER 

5 

2 

7 

DESCENT 

11 

5 

3 

19 

STEADY 

STATE 

6 

1 

7 

HOVER 

33 

10 

1 

44 

TOTAL 

168 

28 

11 

207 

TABLE  IX.  TIME  IN  EXCESS  OF  TOPQUE  LIMITS  FOR  THE  UH-1H* 


Mission 

Segment 

47. S 

50 

TOTAL 

ASCENT 

14.5 

32.1 

46.6 

MANEUVER 

11. s 

11.5 

DESCENT 

7.6 

4.3 

11.9 

STEADY 

1.4 

1.4 

STATE 

HOVER 

13.8 

.2 

14.0 

TOTAL 

48.8 

36.6 

85.4 

TABLE  X.  TORQUE  LIMIT  EXCEEDANCES  FOR  THE  AH-1G 


Mission 

Seement 

45 

47.5 

49.1 

TOTAL 

ASCENT 

89 

20 

2 

111 

MANEUVER 

121 

17 

5 

143 

DESCENT 

2 

1 

3 

STEADY 

STATE 

16 

2 

18 

HOVER 

96 

10 

1 

107 

TOTAL 

324 

50 

8 

382 

TABLE  XI.  TTME  IN  EXCESS  OF  TORQUE  LIMITS  FOR  THE  AH-1G* 


Mission 

Segncnt 

47.5 

49.1 

TOTAL 

ASCENT 

104.3 

12.2 

116.5 

MANEUVER 

90.9 

33.6 

124.5 

DESCENT 

2.8 

2.8 

STEADY 

STATE 

S.9 

5.9 

HOVER 

26.7 

7.0 

28.7 

TOTAL 

230.6 

47.8 

278.4 

*  Tine  in  seconds 

Total  flight  tine 

-  336  hours 

TABLE  XII.  TORQUE  LIMIT  EXCEEDANCES  FOR  THE  OH-6A 

Mission 

Segment _ 63,5 _ ?i-Q 

9 

ASCENT 

652  115 

1 

768 

MANEUVER 

7323  3829 

45 

11197 

DESCENT 

291  52 

1 

345 

STEADY 

862  144 

1006 

STATE 

HOVER 

143  20 

1 

164 

TOTAL 

9271  4160 

48 

13479 

'  _ 

TABLE  XIII.  TIME  IN 

EXCESS  OF  TORQUE  LIMITS  FOR  THE  OH-6A* 

Mission 

Segment 

75.0 

90.0 

TOTAL 

ASCENT 

482.7 

.6 

483.3 

MANEUVER 

13280.4 

143.0 

13423.4 

DESCENT 

137.0 

2.6 

139.6 

STEADY 

364.6 

364 .6 

STATE 

HOVER 

41.7 

8.6 

50.3 

TOTAL 

14306.4 

154.8 

14461.2 

*  Tine  in  seconds 
Total  flight  tine  -  216  hours 
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TABLE  XIV.  OCCURRENCES  IN  RANGES  OF  ENGINE 
SHAFT  HORSEPOWER  FOR  THE  UK-1H 


ASCENT 

MANEUVER 

DESCENT 

STEADY 

STATE 

HOVER 


TOTAL 


TABLE  XV.  OCCURRENCES  IN  RANGES  OF  MAIN  ROTOR 
SHAFT  HORSEPOWER  FOR  THE  UH-1H 


Mission 
Scgnent  850 

900 

950 

1000 

1050 

1100  1150  1200 

TOTAL 

ASCENT 

2 

10 

3 

Z 

17 

MANEUVER 

2 

2 

DESCENT 

I 

1 

6 

8 

STEADY 

STATE 

1 

1 

HOVER 

1 

9 

1 

11 

tota; 

2 

12 

20 

5 

2 

39 

TABLE  XVI.  OCCURRENCES  IN  RANGES  OF  ENGINE 
 SHAFT  HORSEPOWER  FOR  THE  A1I-1G 


Mission 

Segnent  250  900 

950  1000 

1050 

1100  1150 

120C  TOTAL 

ASCENT 

17 

5 

22 

MANEUVER 

s 

14 

5 

22 

DESCENT 

1 

1 

STEADY 

2 

2 

STATE 

HOVER 

2 

8 

1 

11 

TOTAL 

5 

42 

11 

58 

TABLE  XVII.  OCCURRENCES  IN  RANGES  OF  MAIN  ROTOR 
SHAFT  HORSEPOWER  FOR  THE  AH-1G 


Mission 

Segncnt 

850 

900 

950 

1000  1050  1100 

1150  I’jO  TOTAL 

ASCENT 

1 

20 

1 

22 

MANEUVER 

4 

15 

5 

22 

DESCENT 

1 

1 

STEADY 

STATE 

2 

2 

HOVER 

3 

8 

11 

TOTAL 


3  13  38 
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TABLE  XVIII. 

OCCURRENCES  IN  RANGES  OF  ENGINE 

SHAFT  HORSEPOWER  FOR  THE  OH-6A 

Mission 
Sngnant  240 

252.5 

260 

280 

300 

320 

TOTAL 

ASCENT 

93 

21 

2 

167 

116 

MANEUVER 

63 

2534 

1110 

3874 

DESCENT 

3 

41 

8 

1 

S3 

STEADY 

STATE 

9 

113 

22 

144 

HOVER 

2 

IS 

4 

21 

TOTAL 

14 

325 

2589 

1113 

167 

4308 

TABLE  XIX.  OCCURRENCES  IN  RANGES  OF  MAIN  ROTOR 
SHAFT  HORSEPOWER  FOR  THE  OH-6A 


Mission 

Scgoent 

210 

230 

252.5 

270  290 

310 

TOTAL 

ASCENT 

74 

40 

2 

116 

MANEUVER 

1 

2275 

1374 

224 

3874 

DESCENT 

38 

13 

2 

53 

STEADY 

STATE 

115 

29 

144 

HOVER 

15 

6 

21 

TOTAL 


16  2508 


1456 


228 


4208 


*  Tine  in  seconds 
Total  flight  tine  *  203  hours 


TABLE  XXII.  TIME  IN  RANGES  OF  ENGINE  SHAFT 
HORSEPOWER'  FOR  THE  AH-1G* 


Mission 

Segment  8S0  900 

950  1000 

1050 

1100  11S0 

1200  TOTAL 

ASCENT 

94.0 

22.5 

116.5 

MANEUVER 

13.1 

73.4 

38.0 

124.5 

DESCENT 

2.8 

2.8 

STEADY 

STATE 

5.9 

5.9 

HOVER 

3.4 

24.2 

1.1 

28.7 

TOTAL 

16.5 

200.3 

61.6 

278.4 

*  Time  in  seconds. 

Total  flight  tine  -  336  hours 


TABLE  XXI IT.  TIME  IN  RANGES  OF  MAIN  ROTOR  SHAFT 
HORSEPOWER  FOR  THE  AH-1G* 


Mission 

Segcent 

850 

900 

950 

ICOO  1050 

1100  1150  1200  TOTAL 

ASCENT 

10.0 

97.5 

9.0 

116.5 

MANEUVER 

13.9 

79.2 

31.4 

124.5 

DESCENT 

2.8 

2.8 

STEADY 

5.9 

5.9 

STATE 

HOVER 

14.7 

14.0 

28. 7 

TOTAL 

14.7 

37.9 

185.4 

40.4 

278. 4 

Total  flight  tine  -  336  hours 


TABLE  XXIV.  TIME  IN  RANGES  OF  ENGINE  SHAFT 
HORSEPOWER  FOR  THE  OH-6A* 


Mission 
Segaent  240 

252.5 

260 

280 

300 

320 

TOTAL 

ASCENT 

347.6 

122.4 

13.3 

483.3 

MANEUVER 

103.2 

7311.8 

5114.2 

894.2 

13423.4 

DESCENT 

2.4 

104.4 

30.2 

2.6 

139.6 

STEADY 

STATE 

20.1 

274.8 

69.7 

364.6 

HOVER 

S.9 

25.8 

14.6 

50.3 

TOTAL 

32.4 

855.8 

7548.7 

5130.1 

894.2 

14461.2 

*  Tine  in  seconds 
Total  flight  tine  -  216  hours 


TABLE  XXV.  TIME  IN  RANGES  OF  MAIN  ROTOR 

SHAFT  HORSEPOWER  FOR  THE  0H-6A* 


Mission 

Segnent 

200  210 

230 

252.5 

270  290 

TOTAL 

ASSENT 

237.2 

232.8 

13.3 

483.3 

MANEUVER 

.S 

6065.7 

6154.6 

1202.6 

13423.4 

DESCENT 

85.7 

49.3 

4.6 

139.6 

STEADY 

STATE 

275.6 

89.0 

364.6 

HOVER 

32.6 

17.7 

50.3 

TOTAL 

33.1 

3681.9 

6525.7 

1220.5 

14461.2 

*  Tine  in  seconds 


Total  flight  tine  -  216  hours 


TABLE  XXVI.  RAPID  TORQUE  EXCURSIONS 


TABLE  XXVII.  TIME  IN  RANGES  OF  PERCENT  IRP 


1 

TRP 

un- 

III 

AH- 

1G 

OH- 

6A 

TIME  (MIN) 

CUMULATIVE 
TIME  (HIN) 

TIME  (MIN) 

CUMULATIVE 
TIME  (MIN) 

TIME  (MIN) 

BfiaEaEM 

10 

16.6 

16.6 

41.4 

41.4 

15.0 

15.0 

20 

127. S 

144.1 

52.9 

94.2 

31.0 

4S.9 

30 

413.4 

557.5 

271.9 

366.2 

101.6 

147.5 

40 

63  </ .  3 

H67.7 

812.5 

1178.7 

217.4 

364.9 

50 

797.8 

1695.6 

2917.3 

4095.9 

508.7 

873.6 

60 

2654.4 

4619.9 

6553. 7 

30649.7 

1258.8 

2132.4 

70 

4392.7 

9012.6 

5522.4 

16172.1 

2605.1 

4737.6 

80 

2302.9 

11315.6 

3047.9 

19220.0 

5864.4 

8602.0 

90 

763.0 

12978.6 

808.0 

20027.9 

2950.3 

11552.3 

100 

80.0 

12158.5 

124.5 

20152.4 

1058.7 

12611.0 

110 

3.5 

12162.1 

3.9 

29156.4 

308.4 

12919.4 

120 

0.0 

12162.1 

0.0 

20156.4 

56.9 

12976.3 
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TABLE  XXVIII.  TIME  IN  RANGES  OF  SHAFT  HORSEPOWER 


SHP 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 


UH-1H 

AH-1G 

CUMULATIVE 

TIME  (MIN) 

CUMULATIVE 
TIME  (MIN) 

12.9 

37.7 

87.6 

65.5 

349.0 

221.3 

842.5 

647.2 

1453.4 

1734.4 

2408.5 

5079.4 

6004.6 

11564.3 

95S4.1 

16561.4 

11327.2 

19281.6 

12072.3 

20058.8 

12158.8 

20154.8 

12161.8 

20156.3 

OH-6A 

CUMULATIVE 
TIME  (MIN) 

323.9 

7816.7 

12977.8 

12983.5 

12983.5 

12983.5 

12983.5 

12983.5 

12983.5 

12983.5 

12983.5 

12983.5 


1300 


12162.1 


20156.3 


12983.5 


APPENDIX  II 

SHAFT  HORSEPOWER  DERIVATION 


A  relationship  between  shaft  horsepower  and  torque  is  needed 
to  determine  transmission  torque  limit  exceedances  in  terms 
of  shaft  horsepower.  Shaft  horsepower  is  a  function  of  the 
transmitted  torque  and  coincident  engine  output  speed  as 
shown  in  Equation  (8) . 


SHPE  =  (33000)neQ  (8) 

where  SHPg  =  engine  output  shaft  horsepower 
Ng  =  engine  output  (rpm) 

Q  =  engine  output  torque  (ft-lb) 

On  the  basis  of  this  general  equation,  equations  for  the 
AH-1G,  0H-6A,  and  UH-1H  helicopters  were  derived  to  calculate 
engine  output  shaft  horsepower  based  on  specific  torquemeter 
pressure  and  main  rotor  speed  data.  The  derivations  of  these 
equations  are  presented  below. 

UH-1H  and  AH-1G  Equation  Derivation 

From  Reference  4,  the  fixed  transmission  ratio  relating  the 
engine  output  speed  and  main  rotor  speed  is  given  as 

Ne  =  20.383Nr  (9) 


v/here 


Nr  =  rotor  speed  (rpm) . 

The  derivation  of  an  equation  that  relates  torquemeter  pres¬ 
sure  Cpsi)  to  s.xaft  horsepower  for  the  UH-1H  and  AH-1G  is 
basically  a  probxem  of  finding  a  relationship  between  torque¬ 
meter  pressure  and  torque.  This  relationship  can  be  found  by 
preparing  a  least-squares-fit  curve  based  on  the  T53-L-13  en¬ 
gine  characteristics  presented  in  Reference  4  or  by  deriving 
an  equation  that  fits  the  nomograph  in  Figure  I  of  Reference 
6.  However,  after  both  methods  were  reviewed,  it  was  decided 
to  use  the  former  procedure  based  upon  the  Engineering  Flight 
Test  data  of  Reference  4,  since  it  was  assumed  that  these 
data  were  more  accurate  and  representative  of  the  engine 
characteristics . 

From  the  engine  curve  presented  in  Reference  4,  a  straight 
line  of  the  presented  data  points  was  obtained  by  the  method 
of  least  squares,  as  represented  by  the  following  equation: 


where 


Q  =  17 . 27Qp  +  62.18 


(10) 


Q  =  engine  output  torque  (ft -lb) 

Qp  =  torquemeter  pressure  (psi) 

This  equation  is  based  only  on  the  data  between  60  and  120 
inches  of  mercury,  since  only  this  range  of  torque  pressure 
is  relative  to  this  study. 

Combining  equations  (8) ,  (9) ,  and  (10)  and  rearranging  terms 
yields  the  following  equation: 

SHPE  =  3.88  x  10-3NR(17.27Qp  +  62.18)  (11) 

Table  XXIX  shows  calculated  shaft  horsepower  versus  actual 
shaft  horsepower.  In  order  to  obtain  more  accurate  results. 
Equation  (11)  was  modified  by  adjusting  the  equation-based 
curve  at  the  torque  pressure  of  25  psi.  This  adjustment  was 
based  on  the  variances  of  data  at  50.896  inches  of  mercury 
(25  psi)  as  presented  in  Reference  4.  By  using  a  calculated 
mean  of  600  hp  at  this  pressure  for  the  lower  bound  of  the 
desired  equation  and  1158  hp  as  an  intermediate  condition,  a 
set  of  simultaneous  equations  of  the  form 

SHPE  =  3.88  x  10-3NR(BQp  +  «)  (12) 

may  be  set  up  and  values  for  a  and  d  may  be  calculated.  Equa 
tion  (12)  then  becomes 

SHPE  =  3.88  x  10-3NR(17.76Qp  +  33.33)  (13) 


TABLE  XXIX.  SHAFT  HORSEPOWER  VERSUS  TORQUE 
PRESSURE  FOR  THE  AH-1G/UH-1H* 


Qp(psi) 

NR(rpm) 

SHPcal(hp) 

SHPact(hp) 

Aerror (hp) 

47.5 

324 

1109.4 

1100 

9.4 

49.1 

324 

1144.2 

1137 

7.2 

50.0 

324 

1163.7 

1158 

5.7 

25.0 

324 

620.9 

- 

- 

*  Initial  SHP  Equation. 


Table  XXX  shows  calculated  shaft  horsepower  versus  actual 
shaft  horsepower.  Because  of  the  close  agreement,  Equation 
(13)  was  used  in  this  program.  The  error  of  2.3  hp  at  1100 
hp  is  smaller  than  the  error  which  would  result  from  a  torque - 
meter  or  instrumentation  inaccuracy. 


TABLE  XXX. 

REVISED  EQUATION  PARAMETERS  FOR  THE 

AH-1G/UH-1H* 

Qp(psi) 

NR(rpra) 

SHPcal<hP> 

Sketch?) 

Aerror (hp) 

47.5 

324 

1102.3 

HOG 

2.3 

49.1 

324 

1138.0 

1137 

1.0 

50.0 

324 

1158.1 

1158 

0.1 

25.0 

324 

600.0 

600 

(assumed) 

0.0 

*  Final  SHP  Equation. 


OH-6A  Equation  Derivation 

The  derivation  of  the  shaft  horsepower  equation  for  the  OH-6A 
is  based  on  the  transmission  limits  for  the  T63-A-5A  engine. 
Taken  from  the  OH-6 A  flight  manual  (Reference  5),  these  limits 
are  listed  in  Table  XXXI. 


TABLE  XXXI.  OH- 

6A  TRANSMISSION 

LIMITS* 

_  — - — - - - 

Normal  Power 

Takeoff  Power 

Engine  Speed  (rpra) 

6000 

6000 

Torque  Pressure  (psi) 

63.5 

75.0 

Shaft  Horsepower  (hp) 

214.5 

252.5 

*  See  0H-6A  Flight  Manual 

• 

1  —  _  ■  -  .  —  -  . -  —  -  —1 

Knowing  that 

SHP  =  (3§Soir) 
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and  that 


Ne  =  12.806NR  (14) 

Equations  (8)  and  (14"!  were  combined  to  yield 

SHP  -  2.438  x  10'3NRQ.  (15) 


The  assumption  that  a  linear  relationship  exists  between 
torque,  Q,  and  torque  pressure,  Qp,  yielded  the  following 
equation: 

SHP  =  2.438  x  10"3NR(cx  +  8Qp)  (16) 

If  the  torque  pressures  and  shaft  horsepowers  in  Table  XXXI 
are  substituted  in  a  set  of  simultaneous  equations  of  the 
form  given  by  Equation  (16) ,  a  and  8  may  be  calculated;  con 
sequently.  Equation  (17)  assumes  the  form  of 

SHP  =  2.438  x  10‘ 3Nr(2 . 89Qp  +  4.28)  (17) 


APPENDIX  HI 

VERTICAL  ACCELERATIONS  DURING  LANDING 


As  a  subsidiary  task  of  this  contract,  a  spectrum  of  vertical 
accelerations  of  each  of  the  helicopters  during  landings  was 
derived  from  the  original  operational  usage  data.  The  data 
were  acquired  from  a  linear  accelerometer  mounted  at  the  appro¬ 
priate  centerline  of  the  mail  rotor  shaft  of  each  helicopter. 
These  spectra  were  developed  because  very  severe  landings  can 
shorten  the  lives  of  the  engine,  main  transmission,  and  other 
dynamic  components. 

During  the  editing  of  the  oscillograms  for  torque  exceedances, 
each  vertical  accelerometer  peak  which  occurred  during  a  land¬ 
ing  was  identified  and  measured;  the  peaks  were  categorized  as 
having  occurred  after  a  descent  or  a  hover.  The  vertical  ac¬ 
celeration  peak  was  converted  to  normal  load  factor,  nz,  by  us 
ing  the  following  relationships: 

nz  =  Anz  +  1.0  (18) 

Anz  =  az/g  (19) 

where  nz  =  normal  load  factor 

az  =  center-of-gravity  vertical  acceleration 
g  =  acceleration  due  to  gravity 

In  order  to  gToup  the  derived  Anz  impact  peaks  by  helicopter 
gross  weight,  an  instantaneous  gross  weight  was  computed  from 
fuel,  cargo,  and  passenger  weights  at  takeoff  and  landing,  as 
logged  in  supplementary  data  sheets,  and  from  an  assumed  fuel 
consumption  rate. 

The  frequency  distributions  of  landing  impact  peaks  are  pre¬ 
sented  in  curve  form  in  Figure  23  for  each  of  the  three  heli¬ 
copter  types  and  in  histogram  form  in  Figures  24,  25,  and  26 
for  the  UH-1H,  AH-1G,  and  0H-6A,  respectively;  these  figures 
are  based  on  tho  data  presentee  in  Tables  XXXII  through  XXXVII 
where  the  data  are  not  normalized  to  a  100-hour  data  base.  In 
each  figure,  the  peaks  are  separated  into  landings  from  hover 
and  landings  from  descent.  The  0H-6A  and  AH-1G  helicopters 
landing  from  descent  tend  to  have  impact  peaks  of  greater  mag¬ 
nitude  than  the  UH-lH’s.  When  the  aircraft  land  from  hover, 
the  peaks  tend  to  be  of  lesser  magnitude.  As  indicated  in 
these  figures,  the  curves  for  the  UH-1H  and  All  1G  have  the 
same  basic  shape  and  represent  approximately  the  same  percent¬ 
age  of  total  number  of  occurrences;  the  AH-1G  landed  twice  as 
often  from  a  hover  as  it  did  from  a  descent;  most  of  the  im¬ 
pact  peaks  occurred  within  the  8000 -pound  gross  weight  range; 
and  the  UH-1H  landed  approximately  five  times  as  often  from  a 
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hover  as  from  a  descent.  Whereas  the  impact  peaks  after  land¬ 
ing  from  descent  were  fairly  evenly  distributed  among  the 
gross  weight  ranges,  most  of  the  peaks  after  landing  from 
hover  occurred  in  the  7000-pound  gross  weight  range.  In  marked 
contrast,  the  0H-6A  landed  from  a  descent  approximately  6  times 
as  often  as  it  did  from  a  hov^r.  Since  the  number  of  impact 
peaks  after  landing  front  a  descent  is  so  high  for  the  0H-6A, 
the  0H-6A  possibly  landed  at  higher  velocities  than  the  UH-1H 
and  AH-1G. 


Descent 

Hover 


TABLE  XXXII.  UH-1II  IMPACT  PEAKS  FROM  DESCENT 


WEIGHT 

RAKGE 

.00 

.05 

6000 

** 

6 

7000 

13 

17 

8000 

9 

15 

9000 

2 

5 

TOTAL 

26 

43 

2  6  7  S  4 

3  17  9  1  2 

9  15  IS  2  1  3 

2  5  2  1 


TOTAL 


34 

43 

46 

10 


TABLE  XXXIII.  UH-1H  IMPACT  PEAKS  FROM  HOVER 


6000 

14 

38 

15 

6 

1 

1  1 

76 

7000 

109 

138 

66 

28 

S 

2 

348 

8000 

67 

92 

20 

9 

5 

191 

9GOO 

13 

10 

5 

28 

TOTAL 

203 

27S 

101 

43 

9 

3  1 

643 

TABLE  XXXIV. 

AH-1G 

IMPACT  PEAKS  FROM  DESCENT 

WEIGHT 

RAKGE 

.00 

.05 

.10 

.IS 

.20 

.2S 

.30  .35 

.40 

.45  .50 

.55  .60  .65  .70 

TOTAL 

6000 

1 

l 

7000 

2 

6 

3 

1 

1 

1 

1 

1 

16 

8000 

14 

30 

34 

19 

14 

17 

7  5 

10 

1  4 

3  1 

159 

9000 

6 

10 

6 

4 

3 

29 

43 

21 

18 

18 

10  6 

11 

2  4 

3  1 

TABLE  XXXV.  AH-1G  IMPACT  PEAKS  FROM  IgJVER 


WEIGHT 
RANGE  .00 

.05 

.10 

'.15 

6000 

1 

1 

7000 

5 

3 

3 

5 

8000 

79 

127 

61 

26 

9000 

32 

44 

28 

12 

TOTAL 

116 

180 

93 

43 

TOTAI 


2 

24 

*0 

127 


TABLE  XXXVI.  CH-6A  IMPACT  PEAKS  FROM  DESCENT 


.00  .05  .10  .IS  .20  .25  .S3  .35  .40  .45  -S3  .S3  -60 


I  Weight 
*  Range 


2000 

4 

12 

30 

14 

7 

2200 

9 

31 

46 

35 

11 

2400 

2600 

1 

3 

10 

16 

1 

10 

3 

Total 

17 

53 

ms 

66 

26  1 

Total 


table  xxxvn. 

C.I-6A  IMPACT  PEAKS  FROM  B3VE* 

nexgat 

Range 

.00 

.05 

.10 

*rt 

Hi 

• 

.20 

.25  .39  .35  .40  .45  .50  ,55  .63 

TstJi 

Less 

1 

5 

* 

7 

2000 

1 

7 

S 

2200 

2. 

7 

14 

A 

2 

3 

32 

2400 

1 

9 

13 

2600 

Total 

2 

10 

35 

4 

3 

3 

57 

